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ABSTRACT 


The  purpose  of  this  study  was  to  make  a  comparison  between 
male  and  female  students  on  the  following  variables:  age,  height  and 
weight;  body  composition;  maximal  oxygen  consumption  measured  in 
l./min.,  ml. /min. /kg.  and  ml. /min. /kg.  fat  free;  and  PWC]_7q  measured 
in  KPM/min.t  KPM/min./kg.,  and  KPM/min./kg.  fat  free. 

Twenty-four  healthy  male  and  twenty-four  healthy  female 
students  randomly  selected  from  the  population  of  first  year  under¬ 
graduate  students  enrolled  in  the  Faculty  of  Physical  Education,  the 
University  of  Alberta,  participated  in  the  study.  Each  student  under¬ 
went  a  series  of  tests  including:  two  Mitchell,  Sproule  and  Chapman 
MVO2  tests,  an  Astrand  bicycle  MVC>2  test,  two  modified  Sjostrand 
PWCi70  tests,  two  gradational  step  tests,  and  body  densitometry 
measures. 

It  was  concluded  that  significant  differences,  at  the  .05 
level  of  significance,  occurred  between  the  male  and  female  students 
for  all  the  variables  studied,  including  the  maximal  and  submaximal 
tests  in  which  measures  considering  fat  free  body  composition  were 
used.  In  addition,  significant  differences  at  the  .05  level  of 
significance,  were  found  between  the  Mitchell,  Sproule  and  Chapman, 
and  the  Astrand  tests;  and  between  the  modified  Sjostrand  PWC]_7o 
the  gradational  PWCi7q  step  tests;  for  both  the  males  and  females. 
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CHAPTER  I 


STATEMENT  OF  THE  PROBLEM 


INTRODUCTION 

Astrand  states  "It  is  well  known  that  the  physical  working 
capacity  is  less  for  females  than  for  males,  ®  ®  *  and  our  present 
knowledge  of  the  physiological  basis  of  these  differences,  and  of  the 
limiting  factors  in  working  capacity  is  incomplete (4)  Relatively  few 
studies  have  been  conducted  in  which  the  material  consisted  of  both  male 
and  female  undergoing  identical  tests ® 

Metheny,  et.  al®  (30)  using  a  treadmill  test  for  measuring 
maximal  oxygen  consumption  found  a  mean  maximal  oxygen  uptake  measured 
in  cc0/min0 ,/kgo  of  40®9  for  women  and  51®3  for  the  men  in  their  study® 
Astrand  (4)  made  a  comparison  of  a  large  number  of  both  male  and  female 
subjects  and  found  in  the  age  range  16-18  mean  maximal  oxygen  uptake 
values,  measured  in  cc0/min0/kg0  for  women  of  47®2  and  for  men  of  57°6e 
In  the  age  range  20-25  he  found  values  of  48 ® 4  for  women,  and  58® 6  for 
men®  In  further  studies  Astrand,  et  al®  (?)  found  the  mean  maximal  oxygen 
uptake  for  women  was  2o60  and  for  men  4®05,  measured  in  litres  per  minute® 

There  have  been  many  studies  comparing  oxygen  uptake,  both 
maximal  and  submax imal,  with  body  composition®  (4,  10,  13,  29,  32,  37,  41, 
51®)  According  to  these  sources  maximal  oxygen  uptake  and  oxygen  uptake 
correlate  fairly  highly  with  body  weight,  usually  in  the  neighbourhood  of 
r=s0®7«  In  some  cases  maximal  oxygen  uptake  was  compared  with  body  weight 
minus  fat  (10,  13,  37,  51)  with  significant  correlations  being  found.  In 
all  but  one  (37)  the  correlation  of  maximal  oxygen  uptake  with  fat  free 
body  weight  was  found  to  be  higher  than  the  correlation  of  maximal  oxygen 
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uptake  and  body  weight. 

Body  composition  has  been  studied  by  many  researchers*  (8,  9.  26 
28,  30,  32,  47o)  Where  comparisons  between  the  sexes  have  been  made  it  is 
generally  accepted,  as  stated  by  Ljunggren  (26),  that  20-30  percent  of  the 
body  weight  in  normal  women  and  10-20  percent  of  the  body  weight  in  normal 
men  is  composed  of  fat. 

THE  PROBLEM 

The  purpose  of  this  study  was  to  make  a  comparison  between  male 
and  female  on  the  following  variables s 

1,  Age,  Height,  and  Body  Weight. 

2.  Body  Composition 

A.  Percent  Body  Fat» 

B0  Fat  Free  Body  Weight o 
3»  Maximal  Oxygen  Consumption 

A,  Mitchell,  Sproule  and  Chapman  Test 

i o  1 • /min . 

ii*  mlo/mino/kgo  Body  Weight, 
iii.  ml * /min. /kg .  Fat  Free  Body  Weight 

B.  A strand  Bicycle  Test 

io  l./min® 

ii.  mio/mino/kg.  Body  Weight, 
iii.  ml. /min. /kg.  Fat  Free  Body  Weight. 

4.  Physical  Work  Capacity  170 

A.  Modified  Sjostrand  Test 
i.  KPM/min. 

ii.  KPM/min. /kg.  Body  Weight. 
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4.  Physical  Work  Capacity  170 

A.  Modified  Sjostrand  Test 

iii.  KPM/min./kg.  Fat  Free  Body  Weight. 

Bo  Progressive  Step  Test 
io  KGM/min. 

iio  KGM/min. /kg.  Body  Weight  (Meter s/min. ) . 
iii.  KGM/min. /kg.  Fat  Free  Body  Weight. 

Note;  Results  will  be  computed  using  a  mean  of  the  results  of  two  trials 
for  the  Mitchell,  Sproule  and  Chapman;  Modified  Sjostrand;  and 
Progressive  Step  Tests. 

MAIN  HYPOTHESES 

The  null  hypothesis  asserts  that  no  significant  differences 
exist  at  the  .05  level  of  significance  between  male  and  female  for 
maximal  oxygen  uptake  and  physical  work  capacity  170  when  scores  are 
expressed  in  terms  of  fat  free  body  weight. 

The  alternate  hypothesis  asserts  that  significant  differences 
do  exist  at  the  .05  level  of  significance  between  male  and  female  for 
maximal  oxygen  uptake  and  physical  work  capacity  170  when  scores  are 
expressed  in  terms  of  fat  free  body  weight. 

SUBSIDIARY  HYPOTHESES 

The  null  hypotheses  assert  that  no  significant  differences 
exist  at  the  .05  level  of  significance  between  male  and  female  for  the 
variables;  age,  height,  and  body  weight;  body  composition;  maximal 
oxygen  consumption;  and  physical  work  capacity  170. 

The  alternate  hypotheses  assert  that  significant  differences  do 
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exist  at  the  ®05  level  of  significance  between  male  and  female  for  the 
variables?  age,  height,  and  body  weight;  body  composition;  maximal  oxygen 
consumption;  and  physical  work  capacity  170® 

JUSTIFICATION  FOR  STUDY 

Physiologic  bases  are  necessary  for  the  planning  of  rational 
training  and  practice,  and  for  a  sound  choice  of  events  with  regard  to 
the  participant's  sex® 

There  have  been  very  few  studies  making  such  a  comparison  where 
fat  free  body  weight  has  been  included  and  where  the  data  was  collected 
on  two  similar  groups  of  males  and  females  each  undergoing  the  same 
series  of  tests® 

There  is  also  the  intangible  reason  that  people  are  interested 
in  this  type  of  comparison® 

DELIMITATIONS  OF  STUDY 

The  study  was  confined  to  forty -eight  subjects  selected  at 
random  from  the  first  year  undergraduate  students  enrolled  in  the  Faculty 
of  Physical  Education,  the  University  of  Alberta® 

The  study  was  limited  to  the  following  variables?  Age,  Height, 
Body  Weight,  Body  Composition,  Maximal  Oxygen  Uptake,  and  Physical  Work 
Capacity  1?0® 

LIMITATIONS  OF  STUDY 

The  reliabilities  of  the  methods  tested  and  the  reliabilities 
and  limitations  of  the  equipment  utilized® 

The  statistical  procedures  used  to  analyze  the  data® 

The  magnitude  of  experimental  error  by  the  investigator 
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The  variations  in  temperature  and  humidity  in  the  laboratory,, 
DEFINITION  OF  TERMS 

Kilopond  Meter  (KPM)  -  one  kilopond  meter  is  the  force  acting  on 
the  mass  of  one  kilogram  at  the  normal  acceleration  of  gravity® 

Kilogram  Meter  (KGM)  -  one  kilogram  meter  is  the  force  required 
to  raise  a  one  kilogram  mass  through  one  meter® 

Notes  According  to  Shephard  (44)  on  earth  1  KPM  =  1  KGM® 

Fat  Free  Body  Weight  -  the  weight  of  the  body  if  the  amount  of 
fat  within  the  body,  calculated  using  underwater  weight,  is  subtracted 
from  the  total  body  weight® 

Maximal  Oxygen  Uptake  -  a  test  "of  the  maximal  capacity  of  the 
cardiovascular-respiratory  system  to  take  up,  transport  and  give  off 
oxygen  to  the  working  tissues  and  for  these  tissues  to  use  the  oxygen®" 
(20) 

Physical  Work  Capacity  170  (PWC  170)  =•  the  amount  of  work  an 
individual  can  perform  at  a  steady  state  heart  rate  of  170  beats  per 
minute  measured  in  KPM  or  KGM® 

Steady  State  Heart  Rate  -  the  heart  rate  between  two  successive 
readings,  taken  at  one  minute  intervals,  which  does  not  differ  by  more 


than  ±  five  beats 


- 
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CHAPTER  II 


REVIEW  OF  THE  LITERATURE 

MAXIMAL  OXYGEN  CONSUMPTION  AND  BODY  COMPOSITION 

Seltzer  (41)  in  a  study  of  34  male  students,  (mean  age  26.82 
years,  range  20-30  years;  mean  body  weight  72®31  kg.,  range  54.7-93*4 
kg.)  compared  oxygen  uptake,  as  measured  on  a  treadmill  test,  with  a 
number  of  anthropometric  measurements.  He  concluded  that  "there  appears 
to  be  a  relation  of  a  constitutional  nature  between  morphology  of 
individuals  and  their  consumption  of  oxygen."  (41)  He  found  that  maxi¬ 
mal  oxygen  uptake  per  minute  correlated  r  =  0.88  with  weight. 

Mahadeva,  Passmore,  and  Woolf  (29)  investigated  the  relation¬ 
ship  between  energy  expenditure,  during  a  step  and  walking  test;  and 
weight,  height,  sex,  and  race.  They  found  that  the  metabolic  cost  of 
standardized  stepping  and  walking,  determined  in  50  subjects,  was  linear¬ 
ly  proportional  to  body  weight.  They  found  no  significant  increase  in 
the  precision  of  individual  assessment  was  gained  by  taking  into  account 
height,  age,  sex,  race,  or  resting  metabolism.  The  authors  concluded 
that  energy  expenditure  can  be  taken  as  directly  proportional  to  body 
weight."  (29) 

Astrand  (4)  in  his  studies  of  physical  working  capacity  in 
relation  to  sex  and  age  found  a  correlation  between  maximal  oxygen  up¬ 
take  and  body  weight  of  r  =  0.98  in  a  sample  of  115  males,  aged  4-33® 

In  a  sample  of  ?6  females,  weighing  greater  than  40  kg.,  and  from  12-25 
years  old,  he  found  a  correlation  of  r  =  0.87  between  maximal  oxygen 
uptake  and  body  weight.  In  a  sample  of  2,6  young  girls  4-25.  weighing 
less  than  40  kg.,  he  found  a  correlation  of  r  =  0.98  between  maximal 
oxygen  uptake  and  body  weight. 
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Buskirk  and  Taylor  (10)  in  testing  a  group  of  59  young  college 
students  and  soldiers  (no  other  details  of  sample  given)  found  the  follow¬ 
ing  correlation:  maximal  oxygen  consumption  with  body  weight  r  =  0,63,  with 
fat  free  body  weight  r  =  0.85,  with  'active  tissue'  r  =  0,91 ,  and  with 
blood  volume  r  =  0,78,  'Active  tissue'  was  defined  as  body  weight  minus 
estimated  body  fat,  thiocyanate  space,  and  bone  mineral.  Also  in  this 
study,  Buskirk  and  Taylor  compared  3  groups  of  9  relatively  sedentary 
students,  classified  according  to  the  percentage  of  body  fat  (less  than 
10,  10-25,  and  25  and  above)  with  respect  to  the  maximal  oxygen  consump¬ 
tion  per  minute  per  kilogram  of  fat  free  body  weight.  They  found  no 
significant  difference  between  the  groups. 

Miller  and  Blythe  (32)  tested  48  subjects,  (physical  education 
students  and  medical  students,  mean  age  24,3  years,  range  18-35  years; 
mean  weight  82,3  kg.,  range  53«9-136®4  kg.)  on  a  submaximal  treadmill 
test.  They  found  a  correlation  between  oxygen  consumption  and  body  weight 
of  r  =  0.75*  and  body  weight  minus  fat  minus  bone  of  r  =  0,67. 

Von  Dobeln  (16)  tested  33  male  and  32  female  subjects  (no 
further  information  available  on  sample)  on  a  maximal  oxygen  uptake  test. 

He  correlated  this  with  (weight  minus  adipose  tissue )2/3  and  found  a 
correlation  of  r  =  0,756.  To  get  the  exponent  ^3*  v°n  Dobeln  plotted 
maximal  oxygen  uptake  versus  weight  minus  adipose  tissue.  From  this  he 
calculated  the  best  regression  line  of  the  logarithmic  values,  and  from 
this  he  found  the  value  of  the  exponent  to  be  0.71.  This  is  close  to  the 
theoretical  value  predicted  by  Hill  that  power  will  be  approximately 
constant  per  unit  body  weight  raised  to  a  power  close  to  3* 

Welch,  et  al,  (51)  tested  28  young  men,  (mean  age  23.7  years, 

SD  ±  1.9  years,  range  21-28  years;  mean  body  weight  75. 3  kg.,  SD  ±  9.6  kg., 
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range  61.4-98*6  kg.),  for  maximal  oxygen  uptake  in  the  manner  described  by 
Taylor,  et  al,  (50),  and  determined  the  body  fat  content  by  means  of  hydro¬ 
static  testing.  They  found  significant  correlation  (P  greater  than  0o01) 
between  maximum  oxygen  consumption  measured  in  litres  per  minute  and  body 
weight  r  =  0.59#  body  weight  minus  fat  r  =  0.65,  and  body  weight  minus 
fat  minus  bone  r  =  0.64.  Welch,  et_  al.  found  that  maximum  oxygen  uptake 
measured  in  cubic  centimeters  per  minute  per  kilogram  of  body  weight  was 
significantly  affected  by  the  percentage  of  body  fat;  however,  when  ex¬ 
pressed  as  litres  per  minute  or  cubic  centimeters  per  minute  per  kilogram 
of  fat  free  weight,  it  was  not  significantly  affected  by  the  percentage 
of  body  fat. 

Rasch  and  Pierson  (37)  measured  oxygen  consumption  in  21  male 
students, with  an  average  weight  of  73«95  kg.,  by  means  of  a  walk  on  a 
treadmill.  Oxygen  consumption  was  correlated  with  body  weight,  fat  free 
body  weight,  height,  and  various  indices  of  body  build.  The  only  signi¬ 
ficant  correlation  (P  greater  than  0.01)  was  between  body  weight  and 
oxygen  consumption  where  an  r  =  0.65  was  found. 

Coyne  (13)  compared  maximal  oxygen  uptake  of  30  active  males, 

(age  23.1  years  SD  ±  4.3  years,  range  19-3^  years;  mean  weight  75®05  kg., 

SD  ±  7»2  kg.,  range  59®5“88.1  kg.),  as  determined  by  treadmill  running, 
with  body  weight,  total  body  fat,  and  fat  free  body  weight.  He  found  that 
fat  free  body  weight  correlated  r  =  0.39  (P  =  0.05)  with  the  maximal 
oxygen  uptake.  Body  weight  and  body  fat  did  not  show  a  statistically 
significant  relationship  with  maximal  oxygen  intake. 

Table  I  presents  a  comparison  of  the  results  discussed  on 
studies  of  body  composition  and  maximal  oxygen  uptake. 
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COMPARISON  OF  RESULTS  OF  EXPERIMENTS  ON  BODY  COMPOSITION  AND  MV02 


€961  3MX00 

£  i 

c°v  | 

i 

1 

-j- 

H 

•  •  1 

ON 

r\J  1 — 1 

1 — 1 

• 

CO 

00 

un,  1 

O  CM 
•  •  » 

NP\  £N-  ON 

O-  U> 

1 

* 

NO  1 
CM  ! 

• 

O 

* 

. 

ON 

•  ' 

0 

» 

1  !! 

1  : 

i 

—  —  1 _ -i- 

- - - 

2961 

NOSHSId  V  HOSVH, 

1 

6 

rH 

C\2 

1 

( 

u^ 

ON 

£ 

U-N 

NO 

O 

*  1 

*  l 

* 

• 

0 

i 

1 

j 

J 

9^61 

**1*  1©  ‘H0II3M 

g 

00 

CM 

23.7 

1.9 

21-28 

NO 

. 

CO 

ON 

1 

NO 

.  •  . 

ON  H 

O-  NO 

ON 

UA 

• 

O 

U^v 

NO 

. 

O 

-3- 

NO 

. 

O 

9^1 

Niaaoa  noa 

<rx\ 

crv 

j 

n 

- 

NO 

O- 

• 

O 

^61  HOTLY! 
s  XHixsas 

g 

ON 

u"N 

cn 

NO 

» 

0 

NO 

00 

s 

O 

rH 

ON 

• 

O 

2S6T 

SHUTS  ?  H3TOW 

g 

GO 

•  l 

^  00 

CM  H 

-3- 

. 

NO 

C^i 

1 — 1 

1 

CN  ON 

.  * 

CM  (TN 

CO  vr. 

NTN 

CN- 

. 

0 

CN- 

NO 

• 

0 

«H 

NO 

C^N 

U^l 

CM 

1 

^3- 

1 

0 

-=}- 

NO 

ON 

• 

0 

2^61  ONYHISY 

«H 

NO 

O- 

un, 

<r\ 

1 

CM 

rH 

<£ 

CN- 

00 

• 

0 

g 

U> 

Pi 

rN 

(TN 

1 

-d- 

CO 

On 

. 

O 

0tf6l  H3ZIT3S 

g 

CM  O 

co  c\ 
•  1 

NO  O 

CM  CM 

-3- 

• 

rN 

ON 

rH  1 

<r\  0- 

.  . 

CM 

O-  UN, 

CO 

CO 

• 

0 

Sample  Size 

Sample  Age  Mean 

(years)  S.D. 

Range 

Sample  Body  Weight  Mean 

(kg.)  S.D. 

Range 

OXYGEN  CONSUMPTION  VS. 

(r  =  ) 

Body  weight,  kg. 

Body  weight  minus  fat,  kg. 

Body  weight  minus  fat  minus  bone,  kg. 

Body  weight  minus  fat  minus  bone  minus 
extracellular  fluid,  kg. 

(Body  weight  minus  adipose  tissue )2/3,  kg. 

correlation  not  significant  at  .05  level 
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maximal  oxygen  consumption  of  males  and  females 

Metheny,  et  al„  (30)  studied  17  women,  ages  19-27;  and  30  men, 
ages  19-23 o  The  test  consisted  of  running  at  seven  m.p.h.  at  a  8.6 
percent  grade  for  5  minutes  or  until  unable  to  continue 0  The  mean 
maximal  oxygen  uptake  measured  in  cc./min./kg.  was  40.9  for  the  women 
with  a  range  of  29.6-47. 5;  and  51°3  for  the  men  with  a  range  of  30.5-60.5° 
The  mean  maximal  heart  rate  for  women  was  197/minute  and  for  the  men 
194/minute .  The  authors  concluded  from  their  results  "that  women  as  a 
group  are  the  'weaker  sex'  being  less  fit  than  men  for  both  moderate  and 
strenuous  exertion  and  exhibiting  less  endurance  for  this  type  of  activity 0" 
(30) 

Astrand  (4)  in  his  studies  compared  males  and  females  from  age 
4  to  33°  Table  II  presents  his  results  of  maximal  oxygen  uptake  as  deter¬ 
mined  on  a  bicycle  ergometer  for  the  age  groups  16-33° 

TABLE  II 

MEAN  MVO2  VALUES  FOR  TOTAL,  AND  PER  KG.  BODY  WEIGHT 
FOR  DIFFERENT  AGE  GROUPS  (4) 


Age 

Sex 

Number 

MVO2  (l./min.) 

MVO-2  (ml. /min. /kg. ) 

16-18 

M 

9 

3  068 

SD  ±  0.49 

57.6 

SD  ±  4.3 

16-17 

F 

10 

2.71 

SD  ±  0.29 

47.2 

SD  ±  2.6 

20-33 

M 

42 

4.11 

SD  ±  0o29 

58.6 

SD  ±  4.1 

20-25 

F 

44 

2.90 

SD  ±  0.25 

48.4 

SD  ±  3°2 

Astrand,  et  al.  (7)  in  a  later  study  tested  11  females  and  12 
males  for  maximal  oxygen  uptake  on  a  bicycle  ergometer.  The  results  are 
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presented  in  tabular  form  in  Table  III0  These  subjects  were  healthy 
well  trained  students  in  physical  educationQ 

TABLE  III 

DIFFERENCES  BETWEEN  MALE  AND  FEMALE  IN  HEART 
RATE  AND  MAXIMAL  OXYGEN  UPTAKE 


AGE 

SEX 

NUMBER 

MVO2  ( 1 0 /min  0 ) 

MAXIMUM  HEART  RATE (Beats /min) 

19-22 

F 

11 

2,60 

194 

21-30 

M 

12 

4,05 

186 

BODY  COMPOSITION 

Brozek  and  Keys  (8)  using  an  underwater  weighing  technique 
compared  the  fat  content  of  male  college  students  with  the  fat  content 
of  middle  aged  men.  The  sample  and  comparison  are  presented  in 
Table  IV, 


TABLE  IV 

COMPARISON  OF  FAT  CONTENT 


Number 

Mean  Age 

SD 

Mean  $  Fat 

Male  College  Students 

133 

20,3 

±  1,9 

10,93 

Middle  Aged  Men 

122 

49,0 

±  2,8 

21.3 

In  another  study  Brozek  and  Keys  (9)  compared  the  fat  content 
for  men  of  standard  weight  and  different  ages.  The  values  were  derived 
from  groups  of  individuals  of  average  height  and  standard  weight.  The 
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height  and  weight  determined  from  Insurance  Tables «  These  results  are 
presented  in  Table  V, 


TABLE  V 

AVERAGE  FAT  CONTENT  FOR  MEN  OF  STANDARD 
WEIGHT ,  DIFFERING  IN  AGE  (9) 


Age,  years 

20  25 

30 

35 

40  45 

50 

55 

Fat ,  percent 

10®3  13°4 

16,2 

18,6 

20 o 7  22,5 

23°9 

25,0 

Skerlj,  Brozek  and  Hunt  (4?)  used  estimated  fat  content  from 
specific  gravity  for  three  groups  of  different  aged  women*  Their 
result  for  3^  subjects  of  mean  age  24*0  was  18,85  percent  fat  with  a 
range  from  11 ,5  to  29 a 4  per cent 0 

Durnin  and  Rahaman  (1?)  in  using  the  underwater  weighing 
method  found  that  for  60  males ,  mean  age  22,0  ±  3*2  years ,  the  percent 
body  fat  was  13° 5  ^  and  for  45  females  mean  age  21 »?  ±  204  years, 

the  percent  body  fat  was  24 02  ±  6*5° 

Young,  et  al,  (54)  used  underwater  weighing  for  density 
determinations  on  94  young  women®  The  percent  body  fat  was  calculated 
using  the  formulae  of  Rathbun“>Paee ,  Behnke,  and  Brozek<~Keysa  Their 
results  are  presented  in  Table  VI® 

Conger  (12)  compares  values  for  percent  body  fat  found  in  her 
study  and  that  of  Young,  et  aL  (54),  These  are  presented  in  Table 


VII  o 


■ 


r 


13 


TABLE  VI 

PERCENT  BODY  FAT  OF  NORMAL  YOUNG  WOMEN  (N  -  94) 


Range 

Mean 

Stdo  Deviation 

Age  (yrso ) 

l?02=27o2 

20o36 

±  lo95 

Height  (inso) 

59o38-71.25 

65  0  94 

±  2*37 

Weight  (kg8) 

44o11~76»20 

58o  96 

±  6044 

Body  Fat  ($) 
Rathbun-Pace 

15 08I-38062 

28069 

±  4  086 

Behnke 

15o62-36o51 

27=13 

±  4o51 

Brozek-Keys 

15o21~32o59 

24,92 

±  3-69 

TABLE  VII 

COMPARISON  OF  BODY  FAT  -  WOMEN 

Age  (yro) 

Height  (errio) 

Weight  (kg) 

$  Fat 

Young ' s  Study 

Mean 

20,36 

58o96 

28o55 

SD 

±  lo95 

±  6,45 

±  4086 

Conger's  Study 

Mean 

19  =  94 

164 0 37 

59  =  00 

24  086 

SD 

±  4o83 

±  6ol9 

±  2o49 

Range 

18-22 

48^69 

21-32 

In  an  unpublished  study,  Macnab  and  Conger  (28)  present  some 
characteristics  of  test  subjects o  Specific  gravity  was  predicted  using 


■ 
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the  linear  equation  devised  by  Young  et  aJU,  (53) »  The  characteristics 
of  this  sample  of  young  college  -women  is  presented  in  Table  VIII® 

TABLE  VIII 

SOME  CHARACTERISTICS  OF  YOUNG  COLIEGE  WOMEN 


Characteristic  Mean  Std®  Deviation  Range 


Age  (yr.) 

19  oO 

± 

1.10 

17-23 

Height  (cm®) 

164*3 

± 

6*30 

142-177 

Weight  (kgo) 

59o2 

± 

-3- 

o 

o 

OO 

44*8-78 ®  0 

Body  Fat  ($) 
Rathbun-Pace 

25o6 

± 

3o08 

20®  0-32  *2 

Sloan  (48)  presents  a  comparative  table  for  percent  fat  of 
young  men  as  determined  by  underwater  weighing*  This  table  is  par¬ 
tially  reproduced  in  Table  IX® 


TABLE  H 

MEAN  BODY  FAT  IN  YOUNG  MEN , 
PERCENT  OF  BCDY  WEIGHT 


Year 

Authors 

Country 

N 

Age 

i>  Fat 

1951 

Brozek  and  Keys 

U  0  S  0  A  © 

133 

20*3  ± 

1*9 

10.9 

1957 

Riendeau,  et  al* 

U*S«A® 

61 

17-31 

13.0 

1962 

Howell,  et,  al® 

U  0  S  0  A  ® 

133 

20®9  1 

2®7 

18®  7 

1965 

MacMillan,  et  al® 

Scotland 

24 

18-22 

10»7 

1967 

Sloan 

S®  Africa 

50 

18-26 

10*8 

? 


■ 

The  very  high  figure  reported  by  Howell,  et  al„  employed  the 
formula  of  Rathbun  and  Pace  which  gives  higher  figures  for  body  fat® 
Ljunggren  (26)  states  that  the  fat  content  values  20-30$  of 
the  body  weight  in  normal  women  and  10-20$  for  men  of  normal  body 
weight  appear  to  be  reasonable  when  compared  with  the  results  of  the 
few  available  direct  measurements  made  on  cadavers® 
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CHAPTER  III 


METHODS  AND  PROCEDURES 


SAMPLE 

Twenty  “four  healthy  male  and  twenty-four  healthy  female  sub¬ 
jects  were  examined  in  the  study .  All  the  subjects  were  randomly 
selected  from  the  population  of  first  year  undergraduate  students  en¬ 
rolled  in  the  Faculty  of  Physical  Educations,  the  University  of  Alberta. 

ORDER  OF  TESTING 

The  tests  for  each  subject  were  conducted  over  a  three  week 
period.  The  testing  sequence,  other  than  for  the  first  Mitchell, 

Sproule  and  Chapman  Test  and  the  body  densitometry  measures,  was 
arranged  by  permutations.  There  were  four  additional  tests,  twenty-four 
subjects  in  each  group,  and  therefore  each  subject  was  tested  in  a 
different  order,  with  all  possible  orders  of  testing  being  employed 
for  both  the  male  and  female  groups.  Each  subject  had  an  equal  chance 
of  being  tested  in  one  of  the  twenty-four  possible  orders  of  testing. 

The  permutation  of  four  tests  completed  four  at  a  time  is  twenty-four 
(^P^  =  24).  All  subjects  performed  the  Mitchell,  Sproule  and  Chapman 
Test  as  their  first  test,  and  the  body  densitometry  was  measured  at 
the  completion  of  the  other  tests.  Using  the  above  procedure  elimi¬ 
nated  any  training  effect  which  might  have  been  produced  if  all  the 
tests  had  been  completed  in  the  same  order. 

STANDARDIZATION  OF  TESTS 

To  aid  in  standardization  of  testing  procedures,  all  sub- 
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jects  were  requested  to  refrain  from  eating,  smoking,  or  taking  part  in 
strenuous  exercise  for  a  period  of  one  and  a  half  hours  prior  to 
testing o  An  attempt  was  made  to  have  the  test  schedule  arranged  for 
each  individual  so  that  the  subject  was  tested  at  the  same  relative 
time  of  day  for  each  test® 

GAS  COLLECTION  AND  ANALYSIS 

A  four  flap  triple-J  valve  was  used  to  allow  the  subject  to 
breathe  outside  air  and  to  expire  only  into  the  Douglas  bags®  A 
rubber  mouthpiece  was  fitted  onto  the  valve  and  both  were  attached  to  a 
lightweight  headgear  which  permitted  easy  attachment  to  the  subject® 
Expired  air  was  analyzed  for  oxygen  content  with  a  Beckman  E-2  oxygen 
analyzer,  and  for  carbon  dioxide  with  a  God art  Capnograph®  The  volume 
of  expired  air  was  measured  with  an  American  Meter  Company  Gasometer® 

HEART  RATE 

The  heart  rate  was  recorded  by  means  of  a  Sanborn  electro¬ 
cardiograph,  using  a  six  beat  complex®  Disc  electrodes  were  used,  with 
the  cups  filled  with  Redux  for  better  conductivity® 

CALIBRATION  OF  INSTRUMENTS 

The  gas  analyzers  were  carefully  calibrated  prior  to  use  each 
day  and  at  regular  intervals  during  the  testing  procedure®  This  cali¬ 
bration  was  done  with  samples  of  known  oxygen  content  and  known  carbon 
dioxide  content®  As  a  further  check  the  sample  calibration  gases  were 
analyzed  independently  by  the  Scholander  procedure®  (40) 

The  volume  meter  was  calibrated  by  evacuating  a  known  quantity 
of  gas  from  a  spirometer®  A  regression  equation  was  calculated  and  used 
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as  a  correction  for  volumes  obtained  with  the  gasometer e 

CALCULATION  OF  FAT  FREE  BODY  WEIGHT 

The  fat  content  of  the  body  was  determined  using  a  densito- 
metric  method,, 

Equipment  -  water  tank 

-  twenty  pound  weight 

«  Schaevitz  Bytrex  Model  JP-200  strain  gauge 

-  Sargent  Model  SR  recorder 

-  chair  attached  to  strain  gauge  and  suspended  in  tank 

■»  Collins  spirometer 

Procedure  -  subjects  wore  nylon  bathing  suits  and  were  not  allowed 
to  wear  bathing  caps 

“  subject  was  weighed  on  land 

*»  subject  then  entered  tank,  sat  submerged  to  neck  level  in 
the  chair,  and  vital  capacity  was  measured 

-  subject  removed  all  air  bubbles  from  body  by  rubbing 

-  after  maximal  inspiration,  the  subject  bent  forward  into 
the  water  until  the  top  of  his/her  head  was  below  the 
surface  of  the  water,,  Subject  remained  in  a  relaxed 
motionless  state  until  tapped  with  a  pole*  This  proce¬ 
dure  was  repeated  three  times  and  the  lowest  reading 
recorded o 

-  water  temperature  and  density  were  recorded 

-  when  the  underwater  weight  had  been  determined,  the 
body  density  was  calculated  (see  Appendix  B) 

-  the  calculation  of  percent  body  fat  was  done  using  the 
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-  formula  of  Keys  and  Brozek  (25)  where: 


$  Fat 


_  4.142 

Body  Density 


PROGRESSIVE  STEP  TEST 

This  test  was  designed  with  a  variable  height  bench  starting 
at  ten  centimeters  with  increments  of  five  centimeter  steps  up  to 
fifty  centimeters,.  The  subjects  carried  out  a  twelve  minute  step  test 
at  three  4  minute  workloads  with  each  level  designed  to  produce  heart 
rate  responses  in  the  ranges  115~130»  135“155»  and  160-180.  The 
stepping  rate  was  twenty-eight  per  minute  with  frequency  established 
by  means  of  an  electric  metronome  with  visual  stimulator.  Heart  rate 
was  plotted  against  workload  and  the  workload  necessary  to  produce  a 
heart  rate  of  170  was  determined.  This  was  recorded  as  total  height 
stepped  in  one  minute  at  a  heart  rate  of  170,  and  then  converted  to 
KGM  by  multiplying  by  body  weight. 

MITCHELL,  SPROULE  AND  CHAPMAN  TEST 

Mitchell,  Sproule  and  Chapman  (33)  describe  a  maximal 
oxygen  uptake  test  performed  on  a  motor  driven  treadmill.  This  test 
was  modified  to  reduce  testing  time.  The  following  procedures  were 
used  s 

-  10  minute  warm-up  at  3  mph  and  a  10$  grade 

-  10  minute  rest 

Male  Subjects 

-  minute  run  at  6  mph  and  a  7-|$  grade;  expired  air  was  collec¬ 


ted  during  the  last  minute 
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-  10  minute  rest,  expired  air  was  analyzed  at  this  time 

-  load  increased  by  raising  grade  2 ■§$,  speed  remained  constant  at 
6  mph;  2-§-  minute  run  with  expired  air  collected  during  last 
minute 

-  10  minute  rest 

-  above  procedure  repeated  raising  grade  2-|$  each  time  until 
oxygen  consumption  on  two  consecutive  runs  levelled  off  or 
declined;  the  criterion  for  this  decision  was  an  increase  of  less 
than  54  ml® (33) ® 

Female  Subjects 

-  as  outlined  above  for  male  subjects  except  that  initial  grade 
was  0$o 

MODIFIED  ASTRAND  BICYCLE  ERG CMETER  MV02  TEST 

Astrand  (4)  describes  a  maximal  oxygen  uptake  test  performed 
on  a  bicycle  ergometer,  This  test  was  modified  so  that  the  subject 
reached  the  criterion  for  maximal  oxygen  uptake  in  a  single  experi¬ 
mental  period.  The  following  procedures  were  used; 

-  pedal  frequency,  50  complete  turns  per  minute,  with  frequency 
established  by  means  of  an  electric  metronome  with  visual 
stimulator, 

Male  Subjects 

-  4  minute  ride  at  a  2-f  kg.  load  for  a  warm-up 

-  5  minute  rest 

-  4  minute  ride  at  a  3‘i'  kg. load  with  expired  air  collected  during 


the  last  minute 
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~  5  minute  rest,  expired  air  analyzed  during  this  period 

-  load  increased  by  -§  kg® and  ride  repeated  as  above.  This  pro¬ 
cedure  was  continued  until  oxygen  uptake  levelled  off  or 
declined  between  two  successive  rides®  The  criterion  for 
levelling  off  was  an  increase  in  oxygen  uptake  of  80  ml®  or 
less  (3)® 

Female  Subjects 

-  as  for  male  subjects  except  that  initial  load  was  if  kg. 

In  the  Mitchell,  Sproule  and  Chapman,  and  the  Modified 
Astrand  MVO2  tests,  if  the  subject  was  unable  to  complete  the  full 
minute  during  which  expired  air  was  being  collected,  partial  bags  were 
used  and  the  values  obtained  extended  to  a  full  minute® 

MODIFIED  SJQSTRAND  PWC170 

A  test  of  this  type  was  described  by  Sjostrand  (45)®  This 
test  has  been  modified  by  others  and  was  administered  as  follows; 

-  pedal  frequency  60  complete  turns  per  minute,  frequency  was 

established  by  means  of  an  electric  metronome  with  a  visual 
stimulator. 

Male  Subjects 

-  a  twelve  minute  ride  consisting  of  3  four  minute  workloads  of 
increasing  difficulty.  The  load  level  of  the  first  workload 
determined  on  a  pilot  study  was  constant  at  3®5  kg® for  all 
subjects.  Second  and  third  workload  levels  were  adjusted 
depending  on  heart  rate  responses  at  minutes  3  and  7  of  the  test. 
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These  workloads  were  adjusted  so  as  to  elicit  heart  rate  responses 
in  the  ranges  115-130 »  135-155*  and  160-180  for  each  of  the  work 
levels  respectively, 

-  heart  rate  was  plotted  against  workload  and  the  workload  necessary 
to  produce  a  heart  rate  of  170  was  determined. 

Female  Subjects 

-  test  was  the  same  as  for  males  except  that  the  initial  workload 
level  was  2,5  kg, 

STATISTICAL  PROCEDURES 

Validity  and  Reliability  of  Tests 

The  Mitchell,  Sproule  and  Chapman  Test  is  recognized,  by 
authorities  in  the  field  of  exercise  physiology,  as  accurately  measur¬ 
ing  human  physical  working  capacity.  This  test  was  accepted  as  the 
criterion  measure.  Estimates  of  the  validity  of  the  Sjostrand, 
Progressive  Step,  and  Astrand  Tests  were  then  examined. 

The  reliability  of  the  tests  was  estimated  by  the  test- 
retest  method  for  all  the  tests  except  the  Astrand  Bicycle  Test  and 
the  body  densitometry  measures. 

The  Pearson  product-moment  correlation  was  used  in  analyzing 
the  validity  and  reliability  (19) • 

Testing  for  Significant  Differences 

The  comparison  between  male  and  female  for  the  variables: 
age,  height,  weight,  MV02  as  measured  by  the  Mitchell,  Sproule  and 
Chapman  and  the  Astrand  Tests,  and  PWC170  as  measured  by  the  Sjostrand 
and  Progressive  Step  Tests  was  done  by  analysis  of  variance  using  the 


one-way  analysis  of  variance  model  described  by  Winer  (52).  The  .05 


level  of  significance  was  used  in  testing  for  significant  differences. 


* 
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CHAPTER  IV 


RESULTS  AND  DISCUSSION 


CHARACTERISTICS  OF  TEST  SUBJECTS 

Twenty -four  healthy  male  and  twenty-four  healthy  female  sub¬ 
jects  randomly  selected  from  the  population  of  first  year  undergraduate 
students  enrolled  in  the  Faculty  of  Physical  Education,  the  University 
of  Alberta,  participated  in  the  study*  Some  of  the  characteristics  of 
these  subjects  are  given  in  Table  X. 


TABLE  X 

CHARACTERISTICS  OF  TEST  SUBJECTS 


Mean 

Std.  Deviation 

Range 

Females 

Age  (yrs) 

18*67 

±  O.63 

17*92-20.42 

Height  (ins) 

65*28 

±  2.10 

60*5  -68*5 

Weight  (kg) 

59*24 

±  5*87 

48.65-68.27 

Fat  (%) 

24.03 

±  4.49 

18*30-33*45 

Fat  Free  Wt 

(kg)48*34 

±  6.33 

36*04-59*31 

Males 

Age  (yrs) 

19*97 

±  1*16 

18,33-22*42 

Height  (ins) 

70*59 

±  2*39 

65.5  -75.0 

Weight  (kg) 

76.10 

dt  8.80 

59.42-92*53 

Fat  (i) 

12*96 

±  4.53 

5.25-21*76 

Fat  Free  Wt 

(kg)66.11 

±  8*50 

49*29-80*42 

The  characteristics  of  the  female  subjects  in  this  study  are 
quite  similar  to  those  of  the  subjects  used  by  Young,  et  al.  (54). 
Durnin  (17),  MacMillan  (.27),  Sloan  (48),  Conger  (12),  and  Macnab  and 
Conger  (28 ),  In  the  other  studies  the  mean  age  has  been  around  twenty, 
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the  mean  weight  around  fifty-nine  kilograms,  and  the  mean  fat  percent 
around  twenty-five  percent. 


The  percent  of  fat  for  the  male  subjects  is  slightly  higher 
than  that  obtained  by  Brozek  and  Keys  (8,  9)*  who  obtained  10,93  and 
10,3  percent  for  men  in  the  same  age  range  as  those  in  this  study.  The 
value  obtained  here  of  12, 96  ±  4.53  was  quite  similar  to  that  of  13«5 
±  5.8  obtained  by  Durnin  and  Rahaman  (17), 

The  slight  differences  in  percent  fat  in  these  subjects  com¬ 
pared  to  others  in  the  literature  may  be  due  to  differences  in  the  popu¬ 
lation  sampled  and  the  formula  used  in  the  calculation  of  the  percent 
of  body  fat, 

RELIABILITY  OF  TESTS 

Test-retest  reliability  coefficients  of  some  of  the  tests 
used  are  presented  in  Table  XI,  No  figures  are  available  for  the 
A strand  and  body  composition  where  only  a  single  measurement  was  ob¬ 
tained. 


TABLE  XI 
TEST  RELIABILITY 


Test 

Male 

Female 

Mitchell,  Sproule  and  Chapman 

.88 

.83 

Modified  Sjostrand 

,91 

.75 

Progressive  Step 

.75 

.86 

In  all  cases  the  reliability  coefficients  were  substantially 
above  the  level  required  at  the  .01  level  of  significance  (r  =  *505) 
to  indicate  significant  difference  from  zero.  The  above  indicates  that 
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the  administration  of  the  tests  which  were  repeated  was  reliable  and  in 
the  light  of  this  the  results  of  tests  where  only  one  measure  was  taken 
(the  Astrand  and  body  densitometry),  were  also  assumed  to  be  reliable,, 

VALIDITY  OF  TESTS 

The  validity  coefficients  for  the  tests  are  given  in  Table 
XII0  For  these  coefficients,  the  raw  scores,  i.e.  lo/min0  for  the 
Mitchell,  Sproule  and  Chapman,  and  the  Astrand  Tests;  KFM  for  the 
Sjostrand  Test;  and  KGM  for  the  Progressive  Step  Test;  were  used  in  the 
calculations©  In  Table  XII,  the  initial  Mitchell,  Sproule  and  Chapman 
Test  was  used  as  a  standard,  with  the  other  tests  being  validated 
against  this  test© 


TABLE  XII 


VALIDITY  OF  TESTS 


MS  Cl 

MSC2 

M  F 

ASTRAND 

M  F 

SJOSTRAND  1 

M  F 

Step  1 

M  F 

MS  Cl 

r°\ 

00 

© 

00 

CO 

©80 

©87 

°53 

°55 

©27** 

©35** 

MSC2 

» 

©8? 

085 

0  54 

©66 

■* 

0 

u-\ 

0 

,48* 

ASTRAND 

©56 

©62 

°53 

©45* 

SJOSTRAND  1 

QB 

©64 

©72 

**  -  not  significant 
*  “  significant  at  ©05  level 
-  all  others  significant  at 

©01 

level 

The  Astrand  Maximal  Test  correlates  very  well  (r  =  ©80  for 
males  and  r  =  ©87  for  females)©  Thus  the  Astrand  is  a  valid  test  of 
work  capacity  when  the  Mitchell,  Sproule  and  Chapman  Test  is  sued  as  a 
standard©  The  correlation  of  the  first  Sjostrand  Test  with  the 
Mitchell,  Sproule  and  Chapman  Test  results  in  considerably  lower 
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coefficients  (r  =  .53  &nd  .55  for  males  and  females  respectively),, 

These  correlations  are  still  significantly  different  from  zero  at 
the  o01  level  of  significance  and  indicate  that  the  Sjostrand  is 
a  valid  test  of  work  capacity  when  the  Mitchell,  Sproule  and  Chapman 
Test  is  used  as  a  standard .  The  nonsignificant  correlations  (r  =  .27 
and  „35  for  males  and  females  respectively)  between  the  Progressive 
Step  Test  and  the  Mitchell,  Sproule  and  Chapman  Test  would  seem  to 
indicate  that  the  Step  test  is  not  a  valid  indicator  of  work  capacity 
as  represented  by  scores  on  a  Mitchell,  Sproule  and  Chapman  Test.  This 
does  not  mean  that  the  Progressive  Step  Test  may  not  be  a  valid  indicator 
of  work  capacity,  but  just  that  it  is  not  valid  when  correlated  against 
a  Mitchell,  Sproule  and  Chapman  Test. 

It  is  of  interest  to  speculate  on  the  results  just  cited. 

One  can  observe  the  gradual  decrease  in  relationship  (as  expressed 
by  the  correlation  coefficient)  as  each  test  becomes  further  removed 
from  the  criterion  test  (Mitchell,  Sproule  and  Chapman).  In  viewing 
the  male  results,  for  example,  it  is  possible  to  observe  a  fall  in 
coefficients  from  .88  when  the  Mitchell,  Sproule  and  Chapman  is  compared 
with  itself,  to  .80  when  compared  with  another  maximal  oxygen  uptake 
test  (the  Astrand),  to  .53  (the  Sjostrand),  and  finally  to  .26  (the 
Step  Test).  In  spite  of  this,  however,  the  Sjostrand  and  the  Step  Test 
correlate  with  each  other  reasonably  well  (r  =  .64). 

RESULTS  OF  TESTS 

The  mean  scores  of  all  test  results  are  given  in  Table  XIII. 

In  this  table  the  mean  scores  and  standard  deviations  are  given 
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for  each  of  the  tests  of  maximal  oxygen  uptake  and  physical  work 
capacity  170.  In  the  discussion  which  follows  only  the  results  for  the 
mean  of  tests  1  and  2  for  the  Mitchell,  Sproule  and  Chapman,  the  Modified 
Sjostrand,  and  the  Progressive  Step  Test  are  used,  along  with  the  results 
of  the  single  Astrand  Bicycle  Test. 

MAXIMAL  OXYGEN  CONSUMPTION 

For  both  male  and  female  results  there  were  significant 
differences  between  the  results  for  the  Mitchell,  Sproule  and  Chapman 
and  the  Astrand  Tests.  (See  Table  XIV.)  These  results  agree  with  the 
findings  of  Glassford,  et  al.  (21)  who  found  that  higher  MVO’s  were 
obtained  with  a  treadmill  test  than  were  obtained  with  a  bicycle  test. 
Astrand  and  Sal  tine  (6)  also  found  this  to  be  the  case  in  their  study 
of  seven  adult  subjects  where  a  maximal  oxygen  uptake  of  4.69  l®/min» 
and  4.47  l./min.  was  found  on  treadmill  and  bicycle  tests  respectively. 
The  difference  between  the  two  was  significant  at  the  .05  level  of 
significance. 


TABLE  XIV 

RESULTS  OF  ANALYSES  OF  VARIANCES  TEST  VERSUS  TEST 


TEST  A 

TEST  B 

F  RATIO 

PROBABILITY 

Maless 

MSC 

A  strand 

39.64? 

Greater  than  .01 

Sjostrand 

Step 

19.630 

Greater  than  .01 

Female  s  s 

MSC 

A  strand 

27.9^2 

Greater  than  .01 

Sjostrand 

Step 

49.104 

Greater  than  .01 
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In  comparing  the  results  of  this  study  with  those  of  A strand 
(4)  it  was  found  that  results  for  subjects  from  a  similar  age  group 
were  somewhat  higher.  For  males  an  MV02  of  4.11  ±  .29  litres  per 
minute  was  found  and  for  females  2.9  ±  .25  whereas  this  study  found  for 
MVO2  measured  on  a  bicycle  ergometer  the  results  for  males  were  3*52 
±  .61  and  for  females  2.12  ±  .41. 

In  this  study  the  mean  MV02  measured  in  millilitres  per  kilo¬ 
gram  per  minute  on  the  treadmill  test  was  51.55  ±  5.06  and  39.06  ±  5. 03 
for  males  and  females  respectively.  On  the  bicycle  test  the  mean  MV02 
measured  in  ml. /kg. /min.  was  46.31  ±  6.15  and  35°68  ^  5®59  for  males  and 
females  respectively. 

Cumming  (14)  presents  comparative  values  for  MVOg  measured 
in  ml. /kg „ /min.  Some  of  these  values  are  presented  in  Table  XV. 

The  males  in  this  study  obtained  comparable  results  to  those 
of  average  Caucasians  in  Stockholm  and  Boston,  but  lower  results  than 
those  obtained  by  Physical  Education  students  in  Stockholm.  This  would 
seem  to  indicate  that  Physical  Education  students  in  Stockholm  have  a 
higher  fitness  level  than  their  counterparts  in  Canada  when  MV02 
used  as  a  standard.  Similarly  with  the  females;  those  in  this  study 
obtained  values  comparable  to  California  "Co-Eds",  Stockholm  house¬ 
wives,  and  Oslo  office  workers:  but  much  lower  than  those  obtained  by 
Stockholm  Physical  Education  students. 

The  results  of  Darwick  (15)  for  a  group  of  28  young  college 
women  18.2  ±  1.2  yrs.  showed  a  mean  MV0£  of  2.19  ±  3*6  liters  per 
minute.  These  results  obtained  on  a  treadmill  test  are  similar  to 
those  for  the  female  MSC  of  2.32  ±  .41  liters  per  minute. 
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TABLE  XV 

MVO2  OF  MALES  AND  FEMALES  20-40  YEARS  OF  AGE:  MEAN  VALUES 


SUBJECTS 

REFERENCE 

MVO2 

Males : 

Average  Caucasian  Males: 

Stockholm 

2 

32 

Boston 

39 

53 

Dallas 

33 

4  5 

Norway 

1 

44 

Winnipeg 

44 

Athletes : 

Swedish  Physical  Education  Students 

4 

59 

Swedish  Cross  Country  Skiers 

5 

80 

Winnipeg  Water-polo  Players 

22 

53 

Winnipeg  Track  Men 

72 

Females : 

California  "Co-Eds" 

31 

38 

Stockholm  Housewives 

2 

40 

Oslo  Office  Workers 

1 

36 

Stockholm  Physical  Education  Students 

4 

48 

PHYSICAL  WORK  CAPACITY  170 

The  results  of  the  Sjostrand  Test  are  significantly  higher 
than  the  results  of  the  Progressive  Step  Test  at  the  O01  level  of 
significance  (see  Table  XIII) «  This  was  determined  through  the  use  of  a 
one-way  analysis  of  variance  comparing  the  Sjostrand  measured  in  KPM 
against  the  Step  measured  in  KGM  for  both  the  males  and  females® 

Falls  and  Buck  (18)  found  a  relatively  low  correlation  of  „490  between 
PWC^QO  found  on  a  bicycle  test  and  PWC^so  found  °n  a  step  test  con¬ 
ducted  on  26  graduate  Physical  Education  students®  The  differences 
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might  be  explained  in  that  in  stepping  approximately  one  fifth  to  one 
third  of  the  work  occurs  in  descent  (Shephard  (42),  Nagle  (35),  and 
Passmore  and  Durnin  (36)),  and  this  work  is  not  included  in  the  com¬ 
putation  of  the  work  done  in  the  step  test,  only  the  positive  work  of 
stepping  up  is  included,,  It  is  thus  probable  that  a  person  would  obtain 
a  higher  score  on  the  Sjostrand  than  he /she  would  obtain  on  the  step 
test. 

The  mean  PWC-^q  for  males  on  the  Sjostrand  Test  was  1345  KPM 
and  for  women  769  KPM,  Cumming  (14)  presents  comparative  tables  for 
men  and  women  for  FWC-j^q  obtained  on  submaximal  bicycle  tests.  These 
comparisons  are  for  various  types  of  subjects  in  the  age  range  18  40 
years  of  age.  The  reported  PWC^q’s  for  males  range  from  965  KPM  for 
Winnipeg  medical  students  to  1551  KPM  for  Swedish  middle  distance 
runners.  The  PWC-^q  for  ’average*  men  was  about  1075®  The  PWC^q 
for  the  males  studied  here  is  above  this  average  and  this  would  appear 
reasonable  as  these  were  physical  education  students.  Similarly  for 
the  females,  in  this  study  the  mean  PWC^^q  on  the  Sjostrand  Test  was 
769  KPM,  This  is  somewhat  less  than  nurses  and  medical  students  in 
Stockholm  who  had  KPM’s  of  840  and  835  respectively,  while  much 
higher  than  Winnipeg  nurses  who  had  an  average  KPM  of  515«  The  higher 
PWCi7o's  obtained  by  Swedish  women  might  be  explained  by  the  fact  that 
bicycle  riding  is  not  as  popular  in  Canada  as  in  Sweden,  The  superior¬ 
ity  of  Canadian  physical  education  students  over  Canadian  Nurses  is  to 
be  expected  because  of  the  greater  amount  of  physical  activity  in 
which  the  students  partake,  Howell  and  Macnab  (23)  in  the  Canadian 
Association  for  Health,  Physical  Education,  and  Recreation  (CAHPER)  Work 
Capacity  Study  found  for  17  year  old  students  from  the  general  school 
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population  of  Canada,  PWC-^q  values  of  8 73® 8  ±  224.5  and  476.7  ±  147 • 3 
respectively  for  male  and  female  students  respectively.  In  the  same 
study  PWC^o/kg.  of  I3.34  ±  2.79  and  8. 51  ±  2.23  were  obtained  by  the 
male  and  female  students  respectively.  Although  these  results  are  for 
17  year  olds,  they  are  substantially  below  those  obtained  in  this 
study  for  20  year  old  males  and  18*7  year  old  females,  indicating  a 
general  higher  work  capacity  for  physical  education  students  compared 
to  the  general  student  population. 

COMPARISON  OF  MALE  AND  FEMALE 

The  comparison  between  male  and  female  was  done  by  means  of 
a  one-way  analysis  of  variance  as  described  by  Winer.  (52)  The  criti¬ 
cal  F-ratio  at  the  .01  level  of  significant  is  7®23«>  The  results  of 
the  analyses  of  variance  are  presented  in  Table  XVI. 

The  main  hypothesis  in  this  study  asserted  that  no  signifi¬ 
cant  differences  existed  between  male  and  female  for  maximal  oxygen 
uptake  and  physical  work  capacity  170  when  the  scores  were  expressed 
in  terms  of  fat  free  body  weight.  The  alternate  hypothesis  asserted 
that  significant  differences  do  exist  for  the  above.  As  seen  in 
Table  XVI,  significant  differences  at  the  ,01  level  of  significance, 
were  found  in  all  four  tests  between  male  and  female,  and  thus  the 
alternate  hypothesis  that  significant  differences  do  exist  between 
male  and  female  for  maximal  oxygen  uptake  and  physical  work  capacity 
170  when  the  scores  are  expressed  in  terms  of  fat  free  body  weight 
was  accepted®  In  looking  at  Table  XVI,  it  can  be  seen  that  for  all 
four  tests  as  weight  considerations  are  brought  into  effect  the  size 
of  the  F-ratio  decreases  and  it  decreases  even  further  when  fat  free 
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weight  considerations  are  brought  into  effect ,  This  trend  would  seem 
to  indicate  that  the  females  are  approaching  closer  to  the  males  but 
even  when  fat  free  weight  is  considered  they  do  not  reach  the  same 
level  as  the  males. 


TABLE  XVI 

RESULTS  OF  ANALYSES  OF  VARIANCE;  MALE  VERSUS  FEMALE 


VARIABLE  or  TEST 

F-RATIO 

PROBABILITY 

Age 

60,97 

Height 

67,52 

* 

Weight 

72,41 

* 

Fat  Free  Weight 

23903 

* 

Fat  Content 

67,04 

* 

MITCHELL,  SPROULE  AND  CHAPMAN 


- —  ^ - — — — '  v 

10 /min. 

121,45 

* 

ml , /min , /kg , 

73°  56 

* 

ml, /min, /kg,  fat  free 

49°  73 

* 

ASTRAND 

1, /min. 

87=23 

* 

ml, /min, /kg. 

39=28 

* 

ml, /min, /kg,  fat  free 

25=81 

* 

SJOSTRAND 

kpm. 

81,51 

* 

kpm,/kg. 

36=99 

* 

kpm, /kg,  fat  free 

25=71 

* 

PROGRESSIVE  STEP 

kgm. 

79=41 

* 

kgm,/kg. 

40,89 

* 

kgm,/kg,  fat  free 

27=11 

* 

*  Probability  greater  than  O01  that  difference  is  significant 
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This  study  would  thus  seem  to  indicate  that  there  are  basic 
differences  ill  work  capacity  as  measured  by  maximal  oxygen  uptake  or 
physical  work  capacity  170  between  male  and  female  and  that  this  should 
be  considered  in  training  and  choice  of  events  for  women,  The  out¬ 
standing  feats  and  type  of  training  carried  out  by  some  of  the  present 
top  women  athletes  in  the  world  would  indicate  that  there  is  still  much 
room  for  study  of  physiologic  differences  between  male  and  female. 

Various  investigators  have  studied  physiological  differences 
between  male  and  female.  One  of  the  differences  found  is  that  of  the 
hemoglobin  content  of  the  blood,  Sjostrand  (46)  found  that  in  adult 
women,  the  total  quantity  of  hemoglobin  is  about  3 0#  the  hemoglobin 
value  of  mon.  He  found  that  hemoglobin  in  adult  males  accounted  for 
1.16#  of  body  weight,  while  in  females  the  hemoglobin  accounted  for 
only  0,86#  of  body  weight.  Von  Dobeln  (16)  found  that  for  35  male 
and  35  female  subjects  the  average  hemoglobin  content  per  100  ml,  of 
blood  was  14,95  ±  <>17  g.  for  the  males,  and  13.47  ±  ,12  g,  for  the 
females.  The  value  for  the  females  was  about  10#  less  than  for  the 
males.  A strand,  et  al.  (?)  in  11  female  and  12  male  college  physical 
education  students  found  an  average  hemoglobin  content  per  100  ml.  of 
blood,  obtained  during  maximal  work,  of  15.6  g.  for  the  males,  and 
13.7  for  the  females.  In  an  earlier  study,  A strand  (4)  found  that  in 
the  case  of  female  subjects  the  relative  hemoglobin  is  12#  lower  than 
for  males  after  about  16  years  of  age.  In  this  same  study,  a  very 
high  correlation  (0.97)  was  obtained  between  total  hemoglobin  and 
maximal  oxygen  uptake.  In  view  of  the  above,  the  hemoglobin  content 
of  the  blood  may  be  one  of  the  factors  which  could  be  used  to  explain 
the  differences  in  work  capacity  found  between  male  and  female  in  this 
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study 

Another  factor  which  should  be  considered  is  cardiac  output. 
Astrand,  et  al„  (7)  in  their  study  of  23  physical  education  students 
found  cardiac  output  per  litre  of  oxygen  uptake  during  maximal  exercise 
to  be  7 « 1  litres  for  the  males  and  5°9  litres  for  the  females.  The 
results  were  statistically  different  at  the  .001  level  of  significance. 

In  the  same  study,  maximum  pulmonary  ventilation  for  the  same 
subjects  was  found  to  be  97  lo/min.  for  the  females  and  144  l./min.  for 
the  males. 

Astrand  (4)  found  that  the  capacity  of  the  lungs  of  female 
subjects  was  about  26$  lower  than  of  male  subjects.  The  females  had 
25.8$,  2 5® 7$  and  2 5.7$  lower  total  lung  capacity,  vital  capacity  and 
residual  capacity  respectively  than  the  males. 

It  thus  seems  probable  that  a  combination  of  factors  including 
the  above  mentioned  of  hemoglobin  content,  cardiac  output,  pulmonary 
ventilation,  and  lung  capacity 5  perhaps  along  with  other  factors 5 
account  for  the  differences  found  between  male  and  female  in  physical 
work  capacity. 

The  subsidiary  hypotheses  in  this  study  asserted  that  there 
were  no  significant  differences  between  male  and  female  for  the 
variables;  age,  height,  body  weight,  body  composition,  maximal  oxygen 
uptakes  and  physical  work  capacity  170.  The  alternate  hypotheses 
asserted  that  there  were  significant  differences  between  male  and  fe¬ 
male  on  the  above  variables.  As  seen  in  Table  XVI,  significant 
differences  do  exist  between  male  and  female  for  all  the  above 
mentioned  variables.  These  differences  are  all  significant  at  the 
o01  level  of  significance.  These  findings,  with  the  exception  of  age 
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were  expected  and  confirm  the  findings  of  many  other  investigators  who 
have  studied  the  differences  between  male  and  female.  This  investiga¬ 
tor  did  not  expect  to  find  the  significant  difference  in  age  that  was 
found  for  the  group  under  study.  There  is  a  difference  of  almost  one 
and  a  half  years  between  the  males  and  females.  This  would  indicate 
that  the  females  entering  the  Faculty  of  Physical  Education,  the 
University  of  Alberta,  do  so  at  a  younger  age  than  do  the  males. 
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CHAPTER  V 


SUMMARY  AND  CONCLUSIONS 


SUMMARY 

It  was  the  purpose  of  this  study  to  investigate  the  relation¬ 
ship  between  male  and  female  for  maximal  oxygen  uptake  and  physical 
work  capacity  170  when  scores  are  expressed  in  terms  of  fat  free  weight,, 
The  subsidiary  problem  was  to  investigate  the  relationship  between  male 
and  female  for  the  variables?  age,  height,  body  weight,  body  composition 
maximal  oxygen  uptake,  and  physical  work  capacity  170® 

Forty-eight  subjects,  twenty-four  male  and  twenty-four  female, 
enrolled  in  the  Faculty  of  Physical  Education,  the  University  of  Alberta 
participated  in  the  study o  All  subjects  were  tested  for?  a)  maximal 
oxygen  uptake  by  means  of  the  Mitchell,  Sproule  and  Chapman  and  the 
Astrand  Tests,  b)  physical  work  capacity  170  by  means  of  the  Sjostrand 
and  Progressive  Step  Tests,  and  c)  body  density  by  the  hydrostatic 
weighing  technique ®  Test-retest  reliability  procedures  were  carried 
out  on  the  Mitchell,  Sproule  and  Chapman,  Sjostrand,  and  Progressive 
Step  Tests,  All  determinations  were  completed  on  individual  subjects 
within  a  three  week  period  with  at  least  two  days  between  maximal  tests. 
Body  fat  was  calculated  from  the  body  density  measurement,  by  the 
formula  derived  by  Keys  and  Brozek  (25)®  Residual  volumes  were  esti¬ 
mated  as  twenty-five  percent  of  vital  capacity  as  described  by 
Christie  (11), 

The  test  data  were  analyzed  by  the  one-way  analysis  of 
variance  procedure  as  described  by  Winer  (52)  to  determine  relation- 
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ships  between  male  and  female „  The  reliability  and  validity  procedures 
were  carried  out  using  the  Pearson  product-moment  correlation  as 
described  by  Ferguson  (19) 0 

CONCLUSIONS 

Within  the  limitations  of  this  study,  the  following 
conclusions  were  made® 

lo  There  were  significant  differences  at  the  O01  level  of  significance 
between  male  and  female  for  the  variables;  age,  height,  body  weight, 
body  composition,  maximal  oxygen  uptake,  and  physical  work  capcity 
170,  even  when  scores  were  expressed  in  terms  of  fat  free  weight „ 

20  There  was  a  significant  correlation  at  the  ®05  level  of  significance 
between  body  weight  and;  the  Mitchell,  Sproule  and  Chapman;  the 
Astrand;  and  the  Sjostrand  Tests®  There  was  no  significant 
correlation  between  weight  and  the  Step  Test® 

3°  For  all  tests,  there  was  a  trend  for  the  female  results  to  approach 
closer  to  the  male  results  as  body  weight  and  fat  free  body  weight 
was  considered o  This  trend  would  seem  to  indicate  that  the  females 
are  approaching  closer  to  the  males  but  even  when  fat  free  weight 
is  considered  there  are  still  significant  differences  between  male 
and  female  in  maximal  oxygen  uptake  and  physical  work  capacity  170<> 

RECOMMENDATIONS 

That  a  study  of  male  and  female  athletes  of  world  class 
calibre  be  carried  out  to  see  if  the  differences  between  male  and 
female  found  in  this  study  exist  between  athletes® 

To  attempt  to  discover  physiological  reasons  for  the 
differences  found  between  male  and  female  students  in  this  study® 
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Correlation  Coefficients .  Correlation  coefficients  between  various 
tests  and  variables  were  obtained  using  the  IBM  System  360/67  APL 
programme  SCORR.  This  programme  computes  the  simple  correlation 
coefficients  using  the  Pearson  product-moment  correlation  (11:111). 

r  =  IN  £XY  -  £x£y 

/  C  N£x*  -  (£x)‘][N£Y'-  nWl 

where:  r  =  simple  correlation  coefficient  between 

X  and  Y 

N  =  number  of  cases 
X  =  sum  of  the  X's 
Y  =  sum  of  the  Y’s 

Analysis  of  Variance.  Two  analyses  of  variance  were  used.  The  first 
was  a  one-way  analysis  of  variance  (30:46-60)  which  was  used  to  test 
the  significance  of  the  difference  between  the  males  and  females. 

This  analysis  was  carried  out  using  the  IBM  System  360/67  APL 
programme  ANAL.  The  second  was  a  one-way  analysis  of  variance  with 
repeated  measures  (30:105-113)  which  was  used  to  test  the  significance 
of  the  difference  between  means  for  different  tests  for  the  males 
and  for  the  females.  This  analysis  was  carried  out  using  the 
IBM  System  360/67  APL  programme  ANALYSIS. 
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Regression  Equations.  Regression  equations  were  used  to  correct  for 
volume  of  gas  measured  by  the  volume  meter,  and  also  to  solve  for 
FWCi70  for  both  the  Sjostrand  and  Progressive  Step  Tests. 

The  regression  of  X  on  Y  was  obtained  using  the  following 
equation  (11:121-122): 

X  ’  =  b^  +  a xy 

where:  Xf  =  the  predicted  value  of  X  estimated  from 
a  knowledge  of  Y 

bxy  =  the  slope  of  the  regression  line 

a  the  point  where  the  line  intercepts  the  X  axis 

The  regression  equation  used  to  correct  for  volume  of  gas 
was  obtained  using  the  IBM  System  360/67  APL  programme  COREL.  The 
volume  meter  was  calibrated  by  evacuating  known  volumes  from  a  large 
Tissot  Spirometer  in  the  Card io -pulmonary  Laboratory  at  the  University 
Hospital.  There  was  also  a  correction  of  3°0  ml.  added  to  this 
equation  to  account  for  the  gas  used  during  the  analysis  for  oxygen 
and  carbon  dioxide.  The  equation  used  for  the  correction  of  volume 
was: 

X'  =  .982  X  -  .325 
where:  X*  =  corrected  volume 

X  =  volume  read  on  meter 

PWC170  for  the  Sjostrand  Tests  was  obtained  using  the 
Fortran  programme  PE  253101  and  for  the  Progressive  Step  Tests 
using  the  Fortran  programme  PE  253103  on  the  IBM  System  360/67 
Computer  at  the  University  of  Alberta.  These  programmes  calculated 
the  neoessary  regression  equations  and  then  solved  these  equations 
for  a  heart  rate  of  170  beats  per  minute. 


. 
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ESTIMATION  OF  BODY  COMPOSITION 

MEASUREMENTS :  POUNDS  LITRES  CUBIC  INCHES 

Wt.  in  Air 

Vital  Capacity  (VC)  ______ 

Residual  Volume  (RV)  _____  ______ 

Volume  Gastro-Intestinal  (VGI)  _ 

Wt.  in  Water  _____ 

(full  inspiration) 

CALCULATIONS: 

Total  Lung  Capacity  (TLC)  =  _____  (VC)  +  _____  (RV)  +  _____  (VGI) 

=  _____  TLC  cu„  in® 


TLC  cue  in®  x  *0362  = 

TLC  lbs® 

True  Wt.  = 

(Wt®  in  Water)  + 

(TLC  lbs)  = 

Body  Volume  = 

(Wt®  in  Air)  - 

(True  Wt®)  = 

Body  Density  = 

(Wt *  in  Air)  /  ( 

(Body  Volo)  x  HoO  density) 

9 

$  Fat  =  4o570 

~  4ol42  =  _ 1o 

o 

Body  Density 

Lbs.  Fat  - 

(  #  Fat)  x  (Wt. 

)  =  . .  lbs® 

Lb So  Fat  Free  - 

(Wto)  - 

(Lbs®  Fat)  -  lbs®. 
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GAS  ANALYSIS  CCMPUTAT ION 


NAME: 

DATE: 

TEMPERATURE : 

BAROMETRIC  PRESSURE: 

TREADMILL  INCLINATION /BICYCLE  LOAD: 

$  °2E  =  •  _ -  x  2.5  =  _ 

i°  =  —— — — 

$  ^2E  =  $  C>2E  -  _  -  .  _  1°  C02g  =  _____ 


__  L.  -  _ 

__  L/Min. 
L  /Min  . 

V02  =  (  _ _  Vj  STPD  x  .2093)  -  (  _  VE  ST  PD  x  .  _ 


VgATPS  =  ,982  x  ___  -  .325  =  _  L/Min. 

(partial  to  whole  sample  ATPS  =  _ x  __ 

VE  STPD  =  (factor)  x  L/Min.  =  _ 

Vj  STPD  =  __  VE  STPD  x  i  N2e  =  _ 

79®  04 


L/Min.  Oxygen  Uptake. 


L/Min . ) 


°2E ) 


•)  rr 


APPENDIX  B 


CORRELATION  MATRICES 


CORRELATIONS  FOR  ALL  TESTS  -  MALES 
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